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Ozet

Amag: Eklem ici kalkaneus kiriklarinin plak ile osteosentez sonuglarini deger-
lendirmek ve komplikasyon oranlarini azaltmaya yonelik izlenecek yéntemle-
ri belirlemek. Gere¢ ve Yéntem: Merkezimizde 2010- 2013 yillari arasinda
tedavi edilmis 43 kalkaneus kirikli hastanin 45 ayagi ¢alismaya alindi. Has-
talarin 36 tanesi erkek, 7 tanesi kadin idi. Hastalarin ortalama yasi 40,6
idi.Tim hastalara genisletilmis lateral insizyonla plak osteosentezi uygulan-
di. Bulgular: Hastalar klinik olarak Maryland ayak skorlamasina goére deger-
lendirildi. Radyolojik degerlendirme Bohler ve Gissane acilarindaki degisik-
liklere gore yapildi. Hastalar ortalama 25 ay (dagilim, 12-38 ay) takip edil-
di. Bes hasta disinda diger hastalarda iyi ve ok iyi sonug elde edildi. Tartis-
ma: Litaratiirdeki ¢calismalarla kargilastirildiginda erken ve orta dénemde ba-
sarili sonuclarin benzerligi ve plak ile osteosentezde daha yiiksek komplikas-
yon oranlarinin bildirilmesi ilk etapta 6zellikle yiiksek komplikasyon riski ta-
siyan hastalarda minimal invazif yontemlerin daha kabul edilebilir oldugu-
nu distindirmektedir.
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Abstract

Aim: To evaluate the results of plate osteosynthesis in intra-articular calca-
neus fractures and to define methods to be followed to reduce complication
rates. Material and Method: The study included 45 calcaneus fractures of 43
patients treated at our centre between 2010-2013. The patients were 36
males and 7 females with a mean age of 40.6 years. Plate osteosynthesis
was applied to all the patients with an extended lateral incision. Results:
Clinical evaluation of the patients was made using the Maryland Foot Score.
Radiological evaluation was made according to change in the Bohler and
Gissane angles. The follow-up period was mean 25 months (range, 12-38
months). With the exception of 5 patients, good and excellent results were
obtained. Discussion: Results of this study were similar to previous studies
in the literature in the success of early and mid-term successful plate osteo-
synthesis. The use of less invasive methods could be a treatment alternative
in patients at risk of complications, such as those who are smokers or have
Type Il diabetes.

Keywords
Calcaneus; Fracture; Complication

DOI: 10.4328/JCAM.4917

Received: 11.01.2017 Accepted: 31.01.2017 Printed: 01.09.2017

J Clin Anal Med 2017;8(5): 406-10

Corresponding Author: Umit Tuhanioglu, Orthopaedi and Traumatology Department, Adana Numune Training and Research Hospital, Adana, Turkey.

GSM: +905056221873 F.: +90 3223550155 E-Mail: umittuhanioglu@gmail.com

406 | Journal of Clinical and Analytical Medicine



Treatment of Intra-Articular Calcaneus Fractures

Introduction

Calcaneus fractures are the most frequently seen of all tarsal
fractures at a rate of 60% [1]. Because 75% of calcaneal frac-
ture related to the subtalar joint surface, they are accepted as
problematic fractures in orthopedic surgery[2]. To obtain good
results from calcaneus fracture surgery, primary factors include
good knowledge of the calcaneus anatomy, appropriate patient
selection, and correct timing of the treatment. These types of
fractures generally occur from high-energy trauma so it is nec-
essary to be alert for related compartment syndrome, as there
may be severe injury to the soft tissue around the bone. Until
recently, there was a tendency for conservative treatment of
calcaneus fractures because of high rates of infection and oth-
er complications and because some centres did not have suf-
ficient imaging and fixation facilities. But there is now a trend
for surgical treatment because of positive results reported in
the literature worldwide.

Patients with diabetes, who smoke cigarettes, have open frac-
tures, or any substance addiction form a high-risk group in re-
spect of infection or wound site problems [3].

In this study, although the successful results of the open re-
duction internal fixation applied to 45 calcaneus fractures were
consistent with the literature, we aimed to identify cases in
which complications developed and to discuss alternative forms
of treatment.

Material and Method

The study included 45 calcaneus fractures of 43 patients
treated at our centre between 2010-2013. The patients were
36 males and 7 females with a mean age of 40.6+10.6 years.
2 fractures were bilateral. With an extended, traditional, L-
shaped, lateral incision, an anatomic locking titanium plate and
screw combination (Wright-Darco) was applied to all patients
with open reduction and internal fixation. All the patients were
examined in respect of age, gender, follow-up time, severity of
trauma, whether the fracture was open or closed, additional
injuries, additional diseases, radiological classification of the
fracture, and treatment methods. Preoperatively, anteroposte-
rior (AP) and lateral (L) radiographs and computed tomography
(CT) images of the ankle were taken. In the early postopera-
tive period, AP and L ankle radiographs were taken. AP and L
ankle radiographs were also taken at 45 days and at 3 months
postoperatively. At the final follow-up examination, direct radio-
graphs and CT of the ankle were taken. All the fractures were
classified according to the Sanders classification.

Radiological evaluation was made by measuring the Bohler an-
gle and the Gissane angle (Figures 1 and 2) on the lateral radio-
graphs before and after reduction. The mean follow-up period
was 25 months (range, 12-38 months). At the final follow-up
examination, clinical evaluation was made using the Maryland
Foot Score, in which pain, walking functions, the cosmetic ap-
pearance of the foot, and functional activities are scored be-
tween 0-100 [4-5].

Surgical Technique

All the surgical interventions were applied by one of two sur-
geons.Extensile, lateral incisions were used in all cases, start-
ing in the proximal from between the Achilles tendon and the

Figure 1. Measurement of Bohler angle

Figure 2. Measurement of Gissane angle

sural nerve, continuing to the plantar and dorsal skin joint, and
then extending as far as the calcaneocuboid joint. The sural
nerve or branches were located in the proximal and distal. A
full layer flap going as deep as the bone was raised from the
incision corner. By raising the flap, within which are located the
peroneal tendons and sural nerve, from the calcaneus lateral
wall towards the anterior, it could then be retracted with 2-3
K-wires placed in the talus neck and fibula. A pin was placed in
a manner so as not to pass the medial cortex from the lateral
of the posterior of the fracture line. The fracture fragments
were first identified with axial traction and a varus manoeuvre.
By raising the posterior facet from the cancellous bone with a
periosteum elevator, the joint was reduced and restoration was
achieved. Then the Bohler and Gissane angles were corrected
with pin manipulation. Under fluoroscopy guidance, calcaneus
fixation was achieved with an anatomic plate.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS Inc., Chicago,
lllinois) version 11.5 was used for statistical analysis. The pa-
tients were divided into two groups according to the baseline
Bohler angle: Group | (Béhler angle <0°; n=14) and Group 2
(Bohler angle>0°; n=31). Continuous variables were expressed
as mean + standard deviation (SD) and categorical variables
were expressed as number (n) and percentage (%). The dif-
ference between continuous variables was evaluated with the
Mann Whitney U test. The difference between categorical vari-
ables was evaluated with the Chi-square (x?) or Fisher Exact
test as appropriate. The Spearman correlation test was applied
for correlation analysis. A two-sided p value <0.05 was consid-
ered to indicate statistical significance.

Results
The fractures were 39 closed and 6 open. Of the total patients,
6 had Type 2 diabetes and were receiving regular treatment,
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20 were cigarette smokers (>10/day), and 5 had an additional
injury. The fractures occurred as a result of a fall from 3 metres
or higher in 34 patients and from a fall of 2 metres or lower in
9 patients. According to the Sanders classification using CT, the
fractures were 10 Type Il, 18 Type Ill, and 17 Type IV.

The mean age of the patients was 40.6+10.6 years. Statistical
analysis was made of the clinical and radiological results of
the patients separated into groups of those with Bshler angle
<0° and >0°, those with and without diabetes, and those who
smoked or did not smoke cigarettes.

Taking the preoperative Bohler angle into consideration, Group
1 comprised 14 patients with Bohler angle <0° and Group 2 was
31 patients with Béhler angle >0°. In Group 1, the mean Bohler
angle was measured as -2.4° preoperatively and 21.2° postop-
eratively. In Group 2, the mean Bohler angle was measured as
4.2° preoperatively and 25.8° postoperatively.

The improvement in mean Bohler angle was 23.6° in Group 1
and 21.6° in Group 2. The difference of 2° between the groups
was not found to be statistically significant. The postoperative
angle was >20°in 11 (78%) feet in Group 1 and in 24 (77%) feet
in Group 2. In Group 1, the mean Gissane angle was measured
as 150.5° preoperatively and 123.9° postoperatively. In Group 2,
the mean Gissane angle was measured as 145.6° preoperatively
and 126.3° postoperatively. The mean postoperative Maryland
score was 78.4 in Group 1 and 85.1 in Group 2, and this differ-
ence was determined to be statistically significant (p<0.001).
Complications developed in 4 feet in each group; this was not
statistically significant (p=0.231) ( Table 1).

No statistically significant difference was determined between
the groups with and without diabetes in respect of the preop-
erative and postoperative Bohler and Gissane angles. Although
the Maryland scores of the diabetes group were lower, the dif-
ference was not statistically significant. Complications devel-
oped in 50% of the patients with diabetes and 12.8% of the
patients without diabetes. The difference in these rates was
determined to be statistically significant (p<0.05) (Table 2).
The clinical scores were found to be higher in the non-smoking
group compared to the smoking group but the difference was
not statistically significant. Complications developed in 7 of
the 20 smoking patients and in 1 of the 25 non-smoking pa-
tients. This difference was found to be statistically significant
(p<0.005). (Table 3)

When the statistical data were evaluated, two significant re-
sults could be concluded:

A positive interaction was determined between the preopera-
tive Bohler angle and the postoperative clinical results of the
patients in both Groups 1 and 2.As the preoperative Bohler
angle advanced towards a negative value, even if a normal
angle was obtained as a result of the operation, the postopera-
tive clinical results deteriorated. However, this did not affect
the rate of complications seen. In other words, a preoperative
negative Bohler angle did not increase the incidence of postop-
erative complications.

The second outcome was that in patients with a smoking or
Type Il diabetes history, a statistically significant increase
was determined in the rate of postoperative complications
(p<0.005).

Table 1. Baseline demographic, clinical, and post-procedural properties

All cases Group 1 Group 2 P
(n=45) (n=14) (n=31)

Age, (years) 406 + 106 446+120 388+96 0.111
Female gender 7 (15.6) 2(14.3) 5(16.1) 0.874
Current smoker 20 (44.4) 7 (50.0) 13 (41.9) 0.614
Diabetes mellitus 6(13.3) 2 (14.3) 4(12.9) 0.899
SandersType

1 0(0.0) 0(0.0) 0(0.0)

2 10 (22.2) 0(0.0) 10 (32.3) 0.019

3 18 (40.0) 2(14.3) 16 (51.6) 0.023

4 17 (37.8) 12 (85.7) 5(16.1) <0.001
Open Fracture, type

1 5(11.1) 3(21.4) 2 (6.5) 0.166

2 1(2) 0(0.0) 1(32) 1
Bohler angle, °
Preoperative 22+38 24+23 42 +£22 <0.001
Postoperative 204 + 44 212 +41 258 + 3.6 0.005
Change of Bohler 182+37 236+35 216+37 0.140
Gissane angle, °
Preoperative 143.7 +85 1505+55 141.6+7.5 <0.001
Postoperative 1286 +£64 1239+39 1263 +58 <0.001
Change of Gissane angle -15.1+59 -266+39 -153:+66 0238
Maryland score 831+66 784+37 851+65 0.002
Maryland score=85 22(48.8) 4(28.5) 18 (58) 0.008
Complications 8(17.8) 4 (28.6) 4(12.9) 0.231
Infection 4 (8.9) 2(14.3) 2 (6.5) 0.578
Wound complications 3(6.7) 1(7.1) 2 (6.5) 1
Neuropraxia 122 1(7.7) 0 (0.0 0.311

Data are expressed as number (percentage) or as mean + standard deviation

Table 2. Clinical and procedural properties—Patients with diabetes mellitus

Diabetes Diabetes P

mellitus (+) mellitus

(n=6) (-) (n=39)
Age, yr 472 +7.1 39.6 +10.8 0.096
Bohler angle, °
Preoperative 21 +£35 23+55 0.700
Postoperative 20.5 + 39 20.0 7.1 0.947
Change of Bohler 183 +35 17.7 + 4.9 0.933
Gissane angle, °
Preoperative 1284 +7.8 137.7 £ 6.8 0.009
Postoperative 1079+ 6.3 113.0 £ 5.1 0.082
Change of Gissane angle -20.5 + 6.1 -24.7 + 2.1 0.101
Maryland score 783 2.9 83.7+6.8 0.067
Maryland score=85 0(0.0) 22 (41.0) 0.049
Complications 3(50.0) 5(12.8) 0.047
Infection 1(16.7) 3(7.7) 0.448
Wound complications 2 (33.3) 1(2.6) 0.043
Neuropraxia 0(0.0) 1(2.6) 1

Data are expressed as number (percentage) or as mean + standard deviation

Discussion

For many years in orthopaedic surgery, many surgeons steered
clear of an open surgical approach for calcaneus fractures, as
they considered that limited benefit could be provided in re-
spect of preventing arthritis and deformity which can develop
in the late period and because of the possibility of complica-
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Table 3. Clinical and procedural properties according to smoking status

Current Non-smoker P

smoker (n=25)

(n=20)
Age (years) 39.5+ 108 416 +10.6 0.385
Bahler angle, ©
Preoperative 1.3 4.7 29+29 0.429
Postoperative 19.7 £ 46 21.0 + 4.1 0.372
Change of Bohler 184 +29 18143 0.963
Gissane angle, °
Preoperative 1302 £ 9.6 129.2 + 9.1 0.478
Postoperative 1099 + 6.4 107.6 + 6.2 0.217
Change of Gissane angle -203+73 -21.7 £ 45 0.390
Maryland score 822 +93 86.1 £ 6.3 0.008
Maryland score=90 5(25.0) 11 (44.0) 0.186
Complications 7 (35.0) 1(4.0) 0.015
Infection 4 (20.0) 0 (0.0) 0.033
Wound complications 2 (10.0) 1(4.0) 0.577
Neuropraxia 1(5.0) 0 (0.0) 0.444

Data are expressed as number (percentage) or as mean + standard deviation

tions [6]. The most frequently seen early-stage complications
include infection, wound site problems, prolonged serous dis-
charge, and damage to the peroneal tendon and sural nerve.
However, developments in surgical techniques and infection
control have brought surgical treatment into popular use again
in recent years [7].

In studies by Parmar et al.[8] comparisons were made of cal-
caneus fractures treated with operative and non-operative
methods and no significant difference was found in the results
clinically or radiologically . Paul et al.[9] made a retrospective
examination of 70 displaced and non-displaced calcaneus frac-
tures and reported that the results of the non-displaced calca-
neus fractures were better and the results of the non-operated
displaced fractures were poor with weak restoration of the
Bohler angle . In the current study, considering the importance
of anatomic restoration of the Bohler and Gissane angles of
the subtalar joint with open surgery, open reduction with plate-
screw osteosynthesis was applied. The anatomic reduction and
stable osteosynthesis obtained were seen to be related to the
high clinical scores.

The effect of the preoperative Bohler angle on postoperative
long-term functional results was investigated by Persson et
al[10]. It was reported that preoperative negative Bohler val-
ues had a negative effect on long-term functional results . In a
study by Pozo et al[11] it was suggested that the effect of the
subtalar joint on results was exaggerated and that soft tissues
were mainly responsible for residual symptoms. . In the current
study, a comparison was made of cases with a preoperative
Bohler angle <0° and >0°, and although an angular improve-
ment was obtained in the cases with preoperative Bohler angle
<0° the Maryland scores obtained for those cases were statis-
tically significantly lower. This result was thought to be related
to the soft tissue damage created as a result of high-energy
trauma. In this context, it is therefore believed necessary for
both surgeon and patient to be aware that there is a possibility
of relatively lower functional and clinical results in patients with
a preoperative Bohler angle of <0°. In addition to this finding, it

was also determined that a preoperative Bohler angle that had
shifted to negative did not affect the incidence of postoperative
complications.

The most common complications following calcaneus fractures
have been reported to be wound site necrosis (13.8%) and neu-
rovascular injury (2.8%) [12]. Sural nerve injury has been report-
ed to be significantly high particularly in the direct lateral and
extended lateral approaches [13]. The severe course of infec-
tion and wound site problems has been especially highlighted
as these may be of lengthy duration, costly, and could result in
amputation [12, 14]. Patients with diabetes, who smoke, have
open fractures, or who have a substance addiction are at a sig-
nificantly higher risk of infection [15, 16]. In a report of the
surgical treatment results of 218 displaced calcaneus fractures,
there were complications such as infection, wound site prob-
lems, and neuropraxis in 34 (16.5%) patients, and secondary
procedures such as arthrodesis and osteotomy were applied to
17 (7.8%) patients in the long-term. However, the conclusion of
that study emphasised that osteosynthesis with a lateral ap-
proach in calcaneus fractures was a safe and reliable method
[171.

In another study, with extensile lateral approach with open re-
duction and internal fixation, it was reported that complication
rates reached 20% [18]. In the current study, the mean Mary-
land score was found to be 83.1. Complications developed in
8 (17%) patients, which was close to the generally reported
rates. Although these results are consistent with the literature,
the rate of complications in patients with a lateral extensile
L-haped incision was considered relatively high. This indicates
that there is a need for alternative techniques to reduce pos-
sible complications in some patients.

Of the 8 patients with complications, 4 had Type 2 diabetes
and 7 smoked cigarettes which supported findings in the litera-
ture in respect of risk factors. Despite the successful clinical
and radiological results of surgical treatment, the serious out-
comes of complications that can develop, especially infection
and wound site problems, have encouraged studies comparing
less invasive fixation methods and conservative methods. In a
study by Wang Q et al.[19] comparing conservative methods
and surgical treatment methods, no statistically significant dif-
ference was found in the clinical results but fewer complica-
tions were reported in the group where less invasive fixation
had been applied . In recent studies evaluating a minimally in-
vasive approach and fixation, satisfactory results and low com-
plication rates have been reported [20, 21, 22]. Even in Sand-
ers Type 4 fractures, long-term successful results have been
reported from conservative treatment [13]. Results of semi-
invasive techniques with arthroscopic joint reduction and per-
cutaneous fixation early-stage were successful with low com-
plication rates[23]. In the current study, the complication rate of
patients with a risk factor was significantly higher than that of
those with no risk factor; these complications were observed to
have a negative effect on functional results even if the surgical
reconstruction was sufficient.

Conclusion
In the surgical treatment of calcaneus fractures, although the
negative shift of the Bohler angle related to high-energy trau-
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ma had a negative effect on postoperative clinical results, it did
not affect complication rates.Where as The patients with type
Il diabetes and cigarette smokers were associated with high
complication rates. This suggests that in the surgical treat-
ment of calcaneus fractures, the risk of complication depends
more on the presence of risk factors such as a history of Type
Il diabetes and cigarette smoking than on the fracture type.
Therefore, it can be considered that the use of less invasive
methods could be a treatment alternative in patients at risk of
complications.
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